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丝氨酸球菌 Serinicoccus profundi MCCC 1A05965T 是本实验室自印度洋
5368 米处分离获得的一株新菌，目前该属中仅发现 3 个种，S. profundi sp. nov.,   
S. marinus gen. nov. 和 S. chungangensis sp. nov., 它们均来自海洋环境，基因组测
序发现菌株 MCCC 1A05965T基因组序列中包含 6 个不同的海藻糖生物合成基因，






SpOtsA 基因的编码片段大小为 1476bp，预测表达的蛋白大小约为 54kDa，氨基
酸水平上，该基因编码的氨基酸序列与已报道的 OtsAs 的氨基酸序列最大相似性
为 67％。SpOtsA 基因片段与 pET-28a 连接而成的重组质粒导入表达宿主 E.coli 
BL21(DE3)体内，诱导表达的重组蛋白大小约为 54kDa，利用 Ni2+-NTA-agarose
进行蛋白纯化。该酶催化反应的最佳温度和 pH 分别为 40℃和 8.0；pH8.0 时，
该酶在温度低于 40℃时保持稳定，当温度高于 50℃时，酶活性几乎为零。金属
离子对 SpOtsA 活性影响不大，实验所用的金属离子除了 Ba2+离子对其活性的促
进作用约为 200％，其他金属离子的促进作用较为微弱。 
(2) 丝氨酸球菌磷酸海藻糖酯酶(SpOtsB)的表达及其酶学性质研究：SpOtsB
基因片段大小为 798bp，预测表达的蛋白大小约为 27kDa。该蛋白在 E.coli 
BL21(DE3)中进行重组表达，并纯化，SDS-PAGE 检测结果显示该蛋白分子量约
为 32.0kDa。纯化后的 SpOtsB 酶蛋白能够催化底物 6-磷酸海藻糖水解生成海藻






















SpMTS 基因片段大小为 2496bp，其编码蛋白大小约为 89kDa。通过与其他 MTSs
进行多序列比对发现，SpMTS 含有 4 个保守序列区域，其中 2,3,4 区域分别含有
α-淀粉酶家族酶催化活性中心的 3 个氨基酸残基（Asp，Glu，Asp）。本实验中，
研究了 SpMTS 关于转糖基活性和水解活性两种不同的催化活性。SpMTS 的转糖
基活性：最佳温度和 pH 分别约为 35℃和 6.5；在 pH 为 6.5 时，该酶可以在温度
4-40℃内保持稳定；研究发现 SpMTS 活性不需要金属离子的辅助作用；该酶对
聚合度为 Dp5-7 的麦芽寡聚糖有转糖基催化活性，且活性随着聚合度的增加而增
加。SpMTS 的水解活性：以聚合度为 Dp3-7 的麦芽寡聚糖为底物时，该活性随
着聚合度的增加而减少，此外 SpMTS 可水解麦芽糖生成葡萄糖，当以淀粉为底
物时，水解产物除了有葡萄糖产生之外，还有另一个新产物出现。根据实验结果，
我们推测 SpMTS 的水解位点除了 α-1,1-糖苷键，还有 α-1,4-糖苷键。 
(4)丝氨酸球菌麦芽寡糖基海藻糖水解酶(SpMTH)的表达及 SpMTS/SpMTH
混合酶的酶学性质研究：由于 SpMTH 的催化底物麦芽寡糖基海藻糖还没有商品
化，且 MTS 和 MTH 是同一途径的两种酶，所以在本实验中，通过研究 SpMTS
和 SpMTH 混合(记为 SpMTS/SpMTH)在一起的酶学性质，以此来间接分析
SpMTH 酶的催化水解活性。编码 SpMTH 的基因片段大小为 1803bp，蛋白大小
约为 64kDa。混合酶 SpMTS/SpMTH 的最适催化条件为：SpMTS 和 SpMTH 混
合酶的最佳比例约为 1:5；以麦芽寡聚糖为底物时，随着底物聚合度的增加，混
合酶的催化活性也增加；催化最适温度和 pH 分别为 35℃和 6.5，且在 pH 为 6.5
时，该酶在低于 40℃范围内可以保持活性稳定；实验结果显示，SpMTS/SpMTH
的活性不需要金属离子的辅助作用；以淀粉为底物时，SpMTS/MTH 可以催化产
生海藻糖。SpMTH 在一定程度上抑制 SpMTS 的水解活性。 
(5)丝氨酸球菌海藻糖合酶(SpTreS)和海藻糖磷酸化酶(SpTreP)的表达：编码
SpTreS 和 SpTreP 的基因片段大小分别为 1797bp 和 2568bp，预测蛋白大小分别





































Trehalose is a safe and chemically stable nonreducing disaccharide, which is 
linked by α-1,1 glycosidic bond . It may serve as carbon source and a structural 
component of the bacterial cell wall and it has non-specific protective effect on 
organisms. The physicochemical properties of trehalose have made it with various 
applications in fundamental and applied research fields.  
The Serinicoccus profundi MCCC 1A05965
T
 was a new strain isolated from the 
Indian Ocean (5368m). At present, only three species as which are S.profundi sp.nov., 
S.marinus gen.nov. and S.chungangensis sp.nov. were found in the genus Serinicoccus. 
All of them were isolated from the marine environment. Genome scanning of strain 
MCCC 1A05965
T
 revealed the six different genes encoding enzymes belonging to 
four putative trehalose biosynthesis pathways (OtsA-OtsB, MTS-MTH, TreS and 
TreP). In addition, strain MCCC 1A05965
T
 can produce the trehalose under high 
osmotic stress, suggesting from the above mentioned results,we can infer the trehalose 
biosynthesis genes can express and play a role in the S. profundi MCCC 1A05965
T
. In 
this work, the six trehalose biosynthesis genes were cloned and expresed in E.coli 
BL21. Also the enzymatic properties in trehalose biosynthesis of the corresponding 
recombinant proteins were characterized in detail. 
 (1) Expression and characterization of the trehalose phosphate synthase 
(SpOtsA). The ORF of region SpOtsA was 1476bp in length and encoded 491 amino 
acid residues constituting a 54kDa protein. The deduced amino acid sequence of 
SpOtsA shares about 67％  similarity in maximum with other OtsAs described 
previously. The SpOtsA gene was ligated to the expression vector pET-28a, and the 
recombinant plasmid was transformed into E.coli BL21(DE3). The recombinant 
SpOtsA was demonstrated to be mainly soluble, and the soluble protein product was 
then purified by the Ni
2+
-NTA-agarose affinity chromatography. The SpOtsA 
exhibited optimum activity at 40℃ and pH8.0. The purified recombinant enzyme 
















higher than 50℃. All the metal tested except for Ba2+( up to 200％) increased slightly 
the SpOtsA activity. 
 (2) Expression and characterization of the trehalose phosphate 
phosphatase(SpOtsB). The ORF region of SpOtsB was 798bp in length and encoded 
265 amino acid residues constituting a 27kDa protein.The recombinant SpOtsB was 
expressed in E.coli BL21(DE3), but the molecular mass of the recombinant 
SpOtsB,confirmed by SDS-PAGE assay, was approximately 32 kDa. The SpOtsB 
could hydrolyze trehalose-6-phosphate to form trehalose and showed a broad 
optimum pH range from pH6.0 to pH9.0 and temperature range of 4-90℃. Meanwhile, 
this enzyme showed an absolute Mg
2+
requirement for catalytic activity. The relative 
activity of the SpOtsB was almost the same in the 30s-3h reaction time. In addition, 
the SpOtsB specifically catalyzed the hydrolysis of trehalose-6-phosphate, but very 
little activity towards Glucose-1-phosphate and Fructose-6-phosphate. This is the first 
report that the SpOtsB remained highter activity over a wide temperature and pH 
range. 
(3) Expression and characterization of the maltooligosyltrehalose 
synthase(SpMTS). The ORF region of SpMTS was 2496bp in length and encoded 831 
amino acid residues constituting a 89kDa protein. The deduced amino acid sequence 
of SpMTS contained 4 regions highly conserved with other MTSs by the multiple 
sequence alignment and the three catalytic residues (Asp, Glu and Asp) of α-amylase 
family enzymes were present in conserved regions 2, 3 and 4, respectively. In this 
study, we researched the transglycosylation and hydrolyzation activity of the SpMTS. 
The transglycosylation of the SpMTS: The optimum temperature and pH of the 
enzyme was around at 35℃ and 6.5, respectively; The enzyme activity was fully 
retained after 1h incubation at pH6.5 with temperature varying from 4℃ to 40℃. In 
this study, all the tested metal ions inhibited the activity of the SpMTS at different 
levels. With increasing degree of polymerization, the transglycosylation activity of 
SpMTS increased gradually when maltooligosaccharides with Dp5-7 were used as 
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